We aimed to retrospectively analyze the efficacy of 10 mg dapagliflozin (DAPA), which is a sodium-glucose cotransporter-2 inhibitor, in Korean patients with type 2 diabetes who visited a primary diabetes clinic. Methods: In total, 83 patients with type 2 diabetes, who received treatment with DAPA for the first time in a primary diabetes clinic between January 2015 and October 2015, were included in the study. The effect of DAPA in lowering glycosylated hemoglobin (HbA1c) levels was evaluated via chart review at 6 months follow-up. The patients were categorized into five groups according to add-on to or switched from other glucose-lowering agents: add-on to metformin (MET, n=10), add-on to MET+dipeptidyl peptidase 4 inhibitor (DPP4i, n=12), switched from sulfonylurea (SU, n=13), switched from DPP4i (n=11), and switched from thiazolidinedione (TZD, n=37). All the participants had already used MET for their regimen. Results: Treatment with DAPA reduced HbA1c level by 1.2%±0.8%. Moreover, a significant decrease was observed in all subgroups: add-on to MET, -1.2%±0.7%; add-on to MET+DPP4i, -1.4%±0.8%; switched from SU, -1.4%±0.7%; switched from DPP4i, -0.5%±0.7%; and switched from TZD, -1.2%±0.9% (P<0.01). A significant decrease in body weight (-3.1±2.6 kg, P<0.001) was observed after DAPA administration. Estimated glomerular filtration rate and urine microalbumin were significantly decreased after 6 months of treatment with DAPA (-4.0±13.5 mL/min/1.73 m 2 , P=0.03; -23.6±45.9 mg/L, P<0.001). Conclusion: Treatment with DAPA, whether added to or switched from other glucose-lowering agents, significantly decreased HbA1c levels in Korean patients with type 2 diabetes who visited a single primary diabetes clinic. DAPA can be considered as an optimal second-line treatment for patients with type 2 diabetes, as supported by real-world evidence studies.
INTRODUCTION
According to the Diabetes Atlas 2017, 425 million individuals present with diabetes worldwide, and data from the Diabetes Fact Sheet 2018 in Korea have shown that approximately 14% of Koreans present with diabetes based on the Korean National Health and Nutrition Survey 2016 [1, 2] . As the prevalence of type 2 diabetes is markedly increasing, the optimal selection of anti-diabetic agents that could prevent complications is required.
Since 2011, metformin (MET) has been recommended as the first-line oral medication in individuals who do not achieve their target glycosylated hemoglobin (HbA1c) level after lifestyle management [3] . In terms of second-line anti-diabetic agents, recent guidelines have highlighted the importance of individualizing pharmacologic therapy. This year, the American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) released a consensus report on new recommendations for the selection of second-line anti-diabetic agents after MET; thus, the patients were categorized into two large categories (with and without established cardiovascular disease [CVD] ), and this indicates that the selection of anti-diabetic agents must be according to the presence or absence of baseline CVD and heart failure (HF) [4] . In this guideline, sodium-glucose cotransporter-2 inhibitor (SGLT2i) and glucagon-like peptide-1 agonist were recommended as the second-line anti-diabetic medication after MET for patients with CVD, HF, and underlying chronic kidney disease.
SGLT2i blocks the re-uptake of glucose in the renal tubules, inducing urinary glucose excretion, and it does not only lower blood glucose levels but also decrease body weight and blood pressure (BP) [5] . According to randomized clinical trials (RCTs) and real-world evidence studies [6] [7] [8] [9] , SGLT2is have cardiovascular benefits; they significantly decrease the rate of mortality from CVD and hospitalization due to HF, which is observed across the classes of these agents [10] . Although unclear, the mechanisms underlying the cardiovascular benefits of such agents were almost certainly attributable to not just glucose lowering but also the metabolic effects of weight reduction, natriuresis, and decrease in BP [11] .
Several SGLT2is are available in the market [12] . Dapagliflozin (DAPA) was the second SGLT2i that was approved by the U.S. Food and Drug Administration. In Korea, the prescription of DAPA has increased rapidly. In this study, we retrospectively analyzed the efficacy of DAPA in patients with type 2 diabetes in a single primary clinical in Korea.
METHODS

Study design/patient selection
Patients with type 2 diabetes who received treatment with 10 mg DAPA for the first time between January 2015 and October 2015 were included in this retrospective study. The patients visited the outpatient clinic of Huh's Diabetes Center and 21st Century Diabetes and Vascular Research Institute, Seoul, Korea, at an interval of 2 months for a total of three visits.
Initially, we screened patients who received treatment with DAPA for the first time and whose age was between 19 and 70 years. However, patients with an HbA1c level <7.0%, body mass index (BMI) <23 kg/m 2 , and estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 ; those who had used more than three different kinds of anti-diabetic medication or insulin or had a regimen that was not indicated by the Korea Health Insurance Review and Assessment Service; those who voluntarily discontinued their treatment with DAPA; and those who were lost to follow-up were excluded ( Fig. 1 ).
Patients were subdivided into five groups: DAPA added on to MET group, DAPA added on to MET+dipeptidyl peptidase 4 inhibitor (DPP4i) group, DAPA switched from sulfonylurea (SU) group, DAPA switched from DPP4i group, and switched from thiazolidinedione (TZD) group.
Outcomes
The primary outcome was the change in fasting plasma glucose (FPG) and HbA1c levels at 6 months follow-up. The secondary outcomes were the change in BP, BMI, waist circumference, lipid profile, eGFR, spot urine albumin level, C-peptide and rate constant for plasma glucose disappearance (Kitt %/min), FPG level, and HbA1c level over time.
Explanatory variables and outcome measures
Height (cm) and body weight (kg) were measured to the nearest 0.1 cm and 0.1 kg, respectively, while the participants were barefoot and wearing light clothing. BMI was calculated as weight divided by height squared (kg/m 2 ). Waist circumference was measured to the nearest 0.1 cm at the narrowest point between the lower limit of the ribcage and iliac crest. BP was measured using a mercury sphygmomanometer using the right arm while the participant was in sitting position. Two readings were recorded at an interval of 5 minutes, and the mean value was used. After a 14-hour overnight fast, venous blood samples were drawn from the antecubital vein between 7:00 AM and 9:00 AM. Plasma was separated immediately by centrifugation (2,000 rpm, 20 minutes, at 4°C), and biochemical measurements were determined immediately. FPG, total cholesterol, triglyceride, and high density lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C) levels were measured enzymatically using the Hitachi 747 chemical analyz-Copyright © 2019 Korean Endocrine Society er (Hitatchi, Tokyo, Japan). The HbA1c level was determined using a high-performance liquid chromatography method (Variant II, Greencross, Seoul, Korea). Fasting and 2-hour postprandial C-peptide levels were measured using the double-antibody radioimmunoassay (DiaSorin, Stillwater, MN, USA).
Insulin sensitivity was directly assessed via a short insulin tolerance test (SITT) as Kitt %/min. SITT was performed at 8-hour after overnight fasting. Two intravenous cannulas (one for blood sampling and the other for insulin injection) were utilized. After 15 minutes of rest, venous blood samples were collected at 0, 3, 6, 9, 12, and 15 minutes after an intravenous bolus injection of prediluted regular insulin (Humulin R, Eli Lilly, Indianapolis, IN, USA) at a dose of 0.1 U/kg. Plasma glucose concentrations were immediately determined after sampling using the Beckman Glucose Analyzer II (Beckman Instruments, Fullerton, CA, USA), and Kitt was calculated from the slope of the decrease in the log-transformed plasma glucose values between 3 and 15 minutes.
Renal function was assessed by eGFR and urine microalbumin level. The eGFR was calculated with Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation [13] .
Visceral fat thickness (VFT) was measured using a high-resolution ultrasonographic system with a 3.5 MHz convex probe (OGIQ 7, GE, Milwaukee, WI, USA) and was defined as the distance between the anterior wall of the aorta and internal face of the rectoabdominal muscle perpendicular to the aorta.
Statistical analysis
All measurements were expressed as mean±standard deviation (SD). Paired Student t test was carried out to compare the changes in characteristics (FPG level, HbA1c level, BP, weight, BMI, waist circumference, lipid profile, eGFR, spot urine albumin level, C-peptide, and rate constant for plasma glucose disappearance) at 6 months follow-up. Repeated measures analysis of variance was carried out to compare the changes of FPG level and HbA1c level over time. The normality was tested using a graphical approach. Results were considered statistically significant when the P value was <0.05. The SPSS for Windows version 24.0 was used for statistical analysis (IBM Co., Armonk, NY, USA).
Ethical statement
This clinical trial was in accordance with the Declaration of Hel- The need for patient consent was waived by the IRB since this was a retrospective, chart review study, and analyses were performed using de-identified data.
RESULTS
Selection and baseline characteristics of patients
Initially, we screened 197 patients who received DAPA for the first time and whose age was between 19 and 70 years ( Fig. 1) . However, four patients whose HbA1c level was <7.0%, two patients whose BMI was <23 kg/m 2 , and 10 patients whose eGFR were <60 mL/min/1.73 m 2 were excluded. Moreover, 33 patients were not included because they had used more than three different kinds of diabetes medication or insulin or had a regimen that was not indicated by the Korea Health Insurance Review and Assessment Service. Then, 148 patients were included upon enrollment. Among them, 65 had missing data due to loss to follow-up and they were then excluded. Finally, 83 patients were included in the analysis. The mean age of the participants was 54.4±9.2 years. Of the participants, 44 (53%) were women, and their mean BMI was 28.3±3.1 kg/m 2 . The mean fasting glucose level of the participants was 180.5±49.9 mg/dL, and their mean HbA1c level was 8.4%±1.1%.
All participants had already used MET for their regimen. A total of 10, 12, 13, 11, and 37 patients were included in the addon to MET, add-on to MET+DPP4i, switched from SU, switched from DPP4i, and switched from TZD groups, respectively. Age, BMI, FBG level, HbA1c level, waist circumference, BP, lipid profile, eGFR, fasting C-peptide level, Kitt, VFT, skeletal muscle mass, fat mass, and urine microalbumin level were expressed as mean±SD, and gender was presented as number and percentage (Table 1) . Values are expressed as mean±SD or number (%). MET, metformin; DPP4i, dipeptidyl peptidase 4 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate.
Copyright © 2019 Korean Endocrine Society ∆HbA1c and ∆FPG before and after the administration of DAPA After the administration of DAPA, the HbA1c level of all the groups significantly decreased by -1.2% at 6 months follow-up, and the add-on to MET+DPP4i and switched from SU groups had the highest decrease in HbA1c level at 1.4% (Table 2) . However, after the administration of DAPA, the FPG level of all the groups except the switched from DPP4i group significantly decreased (∆FPG: -12.4±28.7 mg/dL, P=0.184). The ∆FPG of all the participants was -37.7±44.1 mg/dL (P<0.001). Fig. 2 shows the graphs of the HbA1c changes over time. As time passed, the HbA1c level of all the patients and subgroups continued to decrease gradually.
Changes in the characteristics of the participants before and after the administration of DAPA Some data about the secondary outcomes were missing. The analyses were conducted using only the measured values. Significant decreases in body weight and BMI were observed after the administration of DAPA (-3.1 kg and -1.2 kg/m 2 , respectively; P<0.001) ( Table 3 ). 
Adverse events
As this was not a prospective study, the actual number of patients with adverse events could not be accurately determined. However, treatment with DAPA was discontinued in 24 of 197 patients. Discontinuation of the medication was due to poor glucose control (n=7), dehydration with symptoms, such as thirst and lethargy (n=6), genital infection (n=3), recurrence of cystitis (n=1), sarcopenia (n=3), refusal to treatment (n=4), increased appetite (n=1), constipation (n=1), and urinary frequency (n=2), respectively. The differences in the number of adverse events in the different groups were not identified.
DISCUSSION
In this study, the treatment outcomes of DAPA in patients at a single primary diabetes clinic were analyzed for an average duration of 6 months. The patients were classified into five groups according to their initial regimen. After the administration of DAPA, significant improvements in HbA1c levels and FPG levels were observed. Furthermore, weight loss, decrease in BP, increase in HDL level, and regression of microalbuminuria were observed after the administration of DAPA. Treatment with DAPA for 6 months decreased the mean HbA1c level of the participants from 8.4% to 7.2%. The de-Copyright © 2019 Korean Endocrine Society crease may be larger than that observed in a previous RCT that included other ethnic groups. Previous RCTs have reported that the decreases of HbA1c were -0.50% to 0.80% from a baseline of 7.90% to 9.20% after the administration of DAPA [14] [15] [16] [17] [18] . The effect of DAPA was affected by baseline HbA1c level and eGFR [19] . Our patients' baseline HbA1c level was not higher than that of previous trials. The relatively better kidney function in our study compared with previous studies might have affected the efficacy of DAPA. In addition, the HbA1c level had decreased linearly over time. Prior real-world evidence studies have shown a similar pattern after the administration of DAPA. [20, 21] . The decrease in HbA1c level would continue after 6 months. However, owing to the short follow-up period, the efficacy of DAPA after 6 months could not be confirmed.
Compared to other subgroups, the efficacy of DAPA was the worst in the group switched from DPP4i group among the groups. The change in HbA1c level was statistically significant. However, the difference was smaller than that of other subgroups. Patients who received the greatest glucose-lowering effect with SGLT2i treatment were those with preserved renal function and high baseline HbA1c levels [19] . The baseline HbA1c level of the groups with DAPA switched from DPP4i group was lower than that of other subgroups, which could also relatively affect the minimal decrease in HbA1c level. According to ASSIGN-K study which had examined the efficacy of ipragliflozin, baseline HbA1c level, switching treatment and duration of diabetes were significant factors influencing the change of HbA1c in multiple regression analysis [22] . In the switching groups, patients replaced the previously used drug with DAPA, and the effect of the previous drug was no longer observed. In the DAPA switched from DPP4i group, the disappearance of the effect of DPP4i could relatively affect the minimal decrease in HbA1c level.
In terms of weight, previous studies have reported a difference of 1.5 to 3 kg from the baseline weight of 80 to 95 kg [7, [14] [15] [16] [17] [20] [21] [22] [23] [24] . In this study, a similar weight change was observed. The patients' lost weight from 76.5 to 73.3 kg, which has a difference of 3.1 kg. According to ASSIGN-K study, higher baseline HbA1c and lower baseline BMI were associated with less weight loss [22] . In this study, similar association was observed. In this study, decrease in weight was the smallest in the switched from SU group and the largest in the switched from DPP4i group. In the DAPA switched from SU group, baseline BMI was the lowest and baseline HbA1c level was the highest. Otherwise, in DAPA switched from DPP4i group, baseline BMI was the highest and baseline HbA1c level was the lowest.
In this study, both muscle and fat mass decreased. This result was contrary to that of a previous study showing that a decrease in body weight due to treatment with DAPA was primarily the result of decreased fat mass rather than muscle mass [25] . This unfavorable result implies that DAPA should be prescribed cautiously in patients who are at high risk of sarcopenia [26] .
In terms of BP, both SBP and DBP decreased significantly. The difference in SBP was higher than that of previous studies (-3.6 to 6.7 mm Hg from a baseline of 126.0 to 140.5 mm Hg) [7, 15, 17, 23, 24, 27] . Data from real-world evidence studies have shown that the mean change in SBP decreases with time [21, 28] . Because the follow-up period of this study was 6 months, which is shorter than that of real-world evidence study, the effects of the treatment duration might not be reflected.
LDL-C is the most powerful determinant of cardiovascular events in patients with type 2 diabetes [29] . Generally, SGLT2is, including DAPA, increase cholesterol levels, including both HDL-C and LDL-C [30, 31] . In this study, HDL-C level significantly increased, whereas LDL-C level decreased. According to a meta-analysis, although the cause was unclear, an increase in LDL-C level was not observed in individuals receiving DAPA compared with those receiving other SGLT2is [32] . In addition, a report from Japan has shown that LDL level had not changed after the administration of DAPA [33] . Considering that patients with type 2 diabetes in East Asia have traits different from those of Caucasians, DAPA could have been more effective in Asian patients [34] .
In this study, in terms of renal outcome, both albumin level and eGFR decreased after the administration of DAPA. The result was consistent with previous results from large clinical trials and also with the recommendation of the ADA/EASD consensus report [10] . The mechanism for this renoprotective effect of SGLT2is is primarily explained by natriuresis and tubule glomerular feedback [5] . As SGLT2i causes osmotic diuresis and dehydration, the initial decrease in eGFR could be observed, which eventually resolved during the long-term follow-up. By contrast, a decrease in albumin level reflects a decrease in hyperfiltration, which is observed in the initial stages of type 2 diabetes [5] . These renoprotective effects of SGLT2i are assumed to be a class effect, which is consistently observed across all SGLT2i [10] .
The C-peptide level decreased significantly, and this might be secondary to the decrease in FPG level. The change in Kitt was not statistically significant. Although some studies have shown that SGLT2i could be associated with improved insulin resistance, the relationship between SGLT2i and insulin resistance has not been validated [35, 36] . In this study, Kitt value was only measured in 26.5% of patients. It could be possible that the numbers were extremely small to produce meaningful results.
The following are the strengths of this study. Data were collected from a primary diabetes clinic in real-world settings. Although the prescription of DAPA is gradually increasing, the efficacy of DAPA in actual clinical settings in Korea is limited. Moreover, although a considerable number of Korean patients with type 2 diabetes were enrolled in CVD-REAL 2, this study was based on the information from the National Health Insurance database, which has some bias regarding the definition of the disease and analytic method [8] . However, the results of our study were based on data obtained from chart reviews in clinical settings. Our study results showed that DAPA effectively reduced plasma glucose level and had good metabolic effect.
This study also had several limitations. First, this was a retrospective study, and a control group was not included. Second, a small number of patients were included, and several data values were lost. Third, information about concomitant medication, period of diabetes, and side effect of DAPA was limited. Finally, the follow-up period was relatively short that the cardiovascular effect of DAPA could not be evaluated. However, considering that the present study is more likely to prove the efficacy of DAPA in actual clinical settings, the results could provide useful evidence for the Korean population.
In conclusion, treatment with DAPA was significantly effective in patients with type 2 diabetes in a primary diabetes clinic in Korea (add-on and switched groups). The effect size was similar to or greater than that reported in previous RCTs that included other ethnic groups, indicating that DAPA might be more effective in Korean patients with type 2 diabetes. In addition, the metabolic effect of DAPA was evident, which is similar to the results observed in previous studies. Although the number of participants was small, our study results could provide information regarding the efficacy of DAPA in actual clinical settings, and this helps primary physicians in prescribing DAPA to patients with type 2 diabetes.
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